Analysis of CheA histidine phosphorylation and its influence on protein stability by high-resolution element and electrospray mass spectrometry.
A combination of electrospray mass spectrometry (ESI-MS) and element mass spectrometry (ICPMS) with phosphorus detection was used to characterize histidine phosphorylation (His-48) of the chemotaxis protein CheA quantitatively. The phosphorylation at His-48 was found to be responsible for a stabilization of the protein. For this investigation, the acceptor domain and the kinase domain of the bacterial chemotaxis protein CheA were recombinantly expressed as single proteins. Using in vitro kinase assay conditions, the acceptor domain CheA-H was phosphorylated by the kinase domain CheA-C. The degree of histidine phosphorylation was determined by nanoelectrospray mass spectrometry of intact CheA-H, and was found to be limited to a maximum value of approximately 50%. The site specificity of CheA-H phosphorylation was controlled by nanoESI-MS/MS of the [M + 16H](16+) ion of intact (pHis)-CheA-H and allowed localization of the pHis residue to the region between residues 32 and 86, containing candidates His-48 and His-67, for which His-48 phosphorylation has been described. Analysis of the tryptic digest of in vitro histidine-phosphorylated CheA-H by capillary chromatography coupled to ESI-MS and to ICPMS with phosphorus detection revealed a truncated (pHis)-CheA-H protein as the only phosphorus-containing analyte. Since the truncated (pHis)-CheA-H in the digest was found to exhibit a higher degree of phosphorylation than could be generated by in vitro phosphorylation without trypsin treatment, it is concluded that histidine phosphorylation at His-48 strongly interferes with structural properties of the CheA-H domain in particular with respect to proteolytic degradation by trypsin.